The feasibility of near infrared (NIR) reflectance spectroscopy to estimate the chemical composition of dehydrated sugar beet pulp was examined in the present study. Seventy-three samples from different processing plants were analysed for dry matter (DM), crude protein (CP), neutral detergent fibre (NDF) and soluble (NDSF) fibre, according to the conventional chemical methods. The parameters predicted by NIR spectroscopy with the highest accuracy were DM (R 2 = 0.97; SECV = 5.69 g kg -1 FM) and CP (R 2 = 0.90; SECV = 3.81 g kg -1 DM) content. Furthermore, it was demonstrated that NIR technology can be used to discriminate samples of sugar beet pulp manufactured by different chemical procedures.
Most of the sucrose consumed in europe is extracted from sugar beets (Beta vulgaris) in an industrial process which also renders sugar beet pulp as a co-product. 1 Sugar beet pulp is a good source of pectin so is mainly used in ruminant production as an energy feedstuff, hence diminishing the inclusion of cereal grains and, consequently, the risk of digestive problems associated with an excess of starch. 2 nevertheless, it must be stressed that there is variability in the chemical composition of this co-product, 3 mainly due to the amount and type of vinasses added to the pulp during the manufacturing process.
Vinasses, also called soluble condensed molasses, are obtained from industrial production of alcohol, citric acid, yeasts or other substances by fermentation of molasses. In this process, traditionally sulphuric acid was used to regulate the pH value. However, this reaction entails the formation of insoluble salts such as potassium sulphate, which can block the fermentators. In order to avoid this problem, some factories now use nitric acid to prevent the proliferation of some undesirable microorganisms.
It is well known that the chemical composition of sugar beet pulp varies according to the amount and type of vinasse added; the nutritive value of this co-product is affected by this modification. this circumstance has economic implications, so it should be evaluated properly in order to price this co-product according to its quality.
near infrared (nIr) spectroscopy has been used over the last 40 years to estimate the chemical composition of forages and other feedstuffs. [4] [5] [6] [7] [8] [9] If sugar beep pulp could also be analysed successfully by this method, it might provide the industry with a rapid, non-destructive and ecologically friendly procedure to evaluate the nutritive value of the final co-product. Hence, the current study was conducted to evaluate the feasibility of using nIr spectroscopy to predict the dry matter (dM), neutral detergent fibre (ndf), neutral detergent soluble fibre (ndSf) and crude protein (cp) content of sugar beet pulp. discrimination between sugar beet pulps manufactured by different chemical procedures was also tested.
Material and methods

Chemical composition
this study was carried out using a sample population of 73 dehydrated and pelleted beet pulps collected in different factories located across Spain. forty four samples were obtained from five different factories using sulphuric acid in the manufacturing process, whereas the remaining 29 samples were collected in four factories working with nitric acid. all samples were ground using a mill (Grindomix GM200, retsch, Germany) to pass through a 1 mm screen before analysis. procedures described by aoac 10 were used to determine dry matter (dM, method Id 934.01), Kjeldahl n (cp, method Id 976.06) and ash (method Id 942.05) content of sugar beet pulp samples. the gross energy (Ge) content was measured by combustion in an adiabatic bomb calorimeter (parr Instrument co., Inc., Moline, Il, uSa). ndf and adf analyses were carried out according to the methods of Van Soest et al. 11 using sodium sulphite and a-amylase, whereas the Hall et al. 12 procedure was implemented to determine ndSf.
all samples were analysed in duplicate. therefore, the standard error of laboratory for the reference method (SEL) for each parameter could be calculated as:
where Y 1 and Y 2 are the first and second replicate values and N the number of samples. likewise, knowing SEL and SD of the reference values, the best R 2 (R 2 max ) that could be obtained for nIr calibration 13 was estimated as follows:
NIR technology
all the samples were randomly scanned in reflectance mode [log (1/R)] across the near infrared region (1100 nm to 2500 nm, intervals of 2 nm), with an Infraalyzer 500-model spectrophotometer (Bran+luebbe GmbH, norderstedt, Germany). Samples were scanned twice in duplicate repacking using two different standard circular cups (four spectra per sample) and the average spectrum for each sample was calculated. the file containing the nIr spectra was exported as ".jdx" format, so the computer program center included in the nIrS2 version 4.0 software (nIrSystems, Inc., Infrasoft International, Silver Spring, uSa) was used to rank the spectral data of the whole population on the basis of the standardised Mahalanobis distance (H). this statistic indicates how different a spectrum is from the average, 14 so samples with a cut-off H value higher than 3.0 were detected as outliers and eliminated from the population. Subsequently, spectral pre-treatments such as multiplicative scatter correction (MSc) and first or second order derivatives were applied to the spectra to reduce multi-collinearity and the baseline offset arising from scattering effects, thus enhancing the information related to chemical parameters. all calibrations were performed using partial least squares regression type I (plSr1) and two passes of elimination of outliers were allowed. finally, full cross-validation was applied to avoid over-fitting the equations. the best equation was selected on the basis of minimising the standard error of cross-validation (SECV).
Moreover, discriminant analysis was performed using the dummy regression technique. 15 In this sense, the sugar beet pulp samples corresponding to different industrial procedures were assigned a dummy value (sulphuric = 1, nitric = 2). then, plSr1 was carried out on the absorbance data (the unscrambler ® software, version 8.0.5, caMo, trondheim, norway) and full cross-validation (leave-one-out) was performed in order to choose the optimal number of plS components. a sample was classified as belonging to a specific category (sulphuric or nitric) if the predicted value was within ± 0.5 of the dummy value.
Results and discussion
Prediction of chemical components of sugar beet pulp by NIR technology the chemical composition of sugar beet pulp samples determined by conventional methods is shown in table 1.
the chemical data of sugar beet pulp showed a wide range of variation, the values being within the normal range reported by other authors. 16, 17 It has to be pointed out that the mean ash content was greater in nitric vinasses when compared to sulphuric vinasses (274.1 vs. 232.0 g kg -1 dM; data not published). on the contrary, nitric pulps showed a lower ash content and a higher gross energy content than sulphuric pulps (P < 0.05) (table 1). this fact suggests that nitric sugar beet pulp samples might have contained a lower vinasse proportion than sulphuric pulps.
according to Murray and cowe, 13 the SD of the population and the precision of the reference method (SEL) allow calculation of the best R 2 (R 2 max ) that may be obtained from an nIr calibration. If the result is not encouraging, then a wider range of data must be found or the precision of the reference method must be improved before attempting nIr prediction. In accordance with this formula, the ratio between precision and variability of the data corresponding to the reference methods should allow R 2 max from nIr equations higher than 0.88 for all the parameters tested in the present study. consequently, nIr prediction equations were developed. the nIr calibration statistics for dM, ndf, ndSf and cp are shown in table 2.
the equation selected to predict the dM content (R 2 = 0.97; SECV = 5.69 g kg -1 fM; RPD = 4.02; table 2) suggested that nIr spectroscopy might be used for routine analysis in order to estimate this parameter accurately. 18, 19 as far as the mathematical treatment is concerned, dM content could be better predicted when multiplicative scatter correction (MSc) was applied to the raw spectra. this could be due to variations in the refractive index of samples with different dM content, thus giving rise to a baseline shift in the spectra which might have been corrected by the MSc transformation. 4, 20 In addition, the o-H bonds present in water showed high absorbance at wavelengths near 1450 nm and 1940 nm (figure 1). this fact, together with the high variability of this constituent observed in the samples studied (table 1), could explain the high predictability of nIr spectroscopy as far as dM is concerned. Similar results have been reported previously for other feedstuffs such as dry forage samples 21 and lucerne hay samples. 22 In relation to the cp content, the accuracy of the predictions using nIr (MSc + 2, 5, 5: R 2 = 0.90; SECV = 3.81 g kg -1 dM; RPD = 2.32; table 2) was acceptable for screening purposes. 18, 19 this predictability was similar to that reported by Garrido et al. 23 for ground sugar beet pulp (RPD = 2.36), but low when compared to that reported for herbage 24 (RPD = 6.90) or concentrates 25 (RPD = 10.10). It must be considered that these studies dealt with feedstuffs whose cp fraction was mainly composed of proteins, peptides and amino-acids, all of them with amide bonds detected by Kjeldahl and nIr spectroscopy at 1420-1600 nm and 2000-2200 nm. 26, 27 on the contrary, vinasses (both nitric and sulphuric vinasses) are rich in nitrates and nitrites which can be reduced partially and consequently measured with the Kjeldahl procedure but are not detected by nIr spectroscopy. 26 this situation might have produced a lack of agreement between the Kjeldahl and the nIr spectra, thus jeopardising cp estimation in sugar beet pulp by nIr spectroscopy. However, in our study the accuracy of prediction of the cp fraction was improved (R 2 = 0.98; RPD = 2.95) when only those samples showing theoretically the lowest content of vinasse (nitric pulp, N = 29) were considered.
as far as fibre fraction is concerned, predicted values from nIr spectra could be endangered by the chemical complexity of this chemical fraction, which is composed of different structural carbohydrates and lignin. Hence, equations developed using nIr spectra to estimate ndf (R 2 = 0.64; SECV = 23.02 g kg -1 dM; RPD = 1.36) and ndSf (R 2 = 0.22; SECV = 20.09 g kg -1 dM; RPD = 1.08) contents showed the lowest predictability. this is in agreement with that reported by other authors for ndSf fraction in different raw materials. 22,28-31 the predictability was slightly improved when specific calibrations for sulphuric or nitric pulps were developed (data not shown). the improvement was not enough to apply nIr spectroscopy in routine analysis.
Discrimination of different types of sugar beet pulp by NIR spectroscopy
the second order derivative of the mean spectra corresponding to the sulphuric vs nitric sugar beet pulp samples are shown in figure 1 . the main differences observed were at 1440 nm, 1725 nm and 2280 nm; spectral regions related to the c-H bonds in the sugar beet pulp samples. 20, 32 the devioations could be due to the differences in the ash and gross energy contents, which were significantly higher (P < 0.001) and lower (P < 0.01) in sulphuric sugar beet pulps when compared to the nitric ones (table 1) . the higher content of betaine (an important methyl donor) in sulphuric vinasses might also have contributed to this variation (100 vs 60 g kg -1 dM; data not published). finally, a dummy regression was attempted in order to discriminate the sugar beet samples manufactured by different procedures (sulphuric and nitric pulps). after nine principal components were retained in the model, the standard error of cross validation no longer decreased meaningfully. the model developed could discriminate 100% of sugar beet samples according to the manufacturing process (figure 2). the chemical differences mentioned previously could provide the basis to classify successfully the whole sample set according to the spectral data. 
Conclusions
the results observed in this study show that traditional chemical procedures can be substituted by nIr spectroscopy for the rapid and non-destructive assessment of the dM and cp content of sugar beet pulp samples. on the contrary, the chemical complexity of fibre fraction seemed to be the main reason why the nIr technique could not predict accurately the ndf and ndSf content in the same samples. In addition, different procedures in the manufacturing process (sulphuric vinasse vs nitric vinasse) seem to be responsible for chemical and spectral differences in sugar beet samples. these provide the basis to successfully classify this product according to its origin by nIr spectroscopy.
